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[57] ABSTRACT

A method for printing designs, patterns, characters,
letters, and other desired images on an object having a
convex or raised surface, wherein the images to be
transferred onto the object 1s first carried on a flexible
image carrier, then this flexible image carrying medium
1s disposed 1n a mutually opposed relationship with the
object to be printed at a predetermined space interval
provided therebetween, thereafter the flexible image
carrying medium is caused to expand or bulge out
toward the raised surface of the object to be printed by
a fluid pressure to act on the flexible medium from one
side thereof opposite to that where the image is carried,
while controlling a degree of expansion of the flexible
image carrying medium is controlled by a restrictive
frame for the flexible image carrying medium to attain
an Intimate contact between the flexible image carrying
medium and the object to be printed over the entire
surface thereof.

3 Claims, 8 Drawing Figures
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PRESSURE OPERATED FLEXIBLE TRANSFER
MEMBER FOR SCREEN PRINTER

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a printing method,

and an apparatus for effecting such method. More par- |

ticularly, the invention is concerned with a method for
printing any desired images such as characters, letters,
designs, patterns, and so forth on an object having a
convex or raised surface, and an apparatus for use in
such printing.

2. Description of Prior Art

From U.S. Pat. No. 3,756,165, it has already been

known to transfer a picture image onto an object to be.

printed. The patented method comprises disposing a
flexible membrane and a flexible carrier having thereon
a picture image to be transferred in a mutually parallel
and closed relationship, and then bulging out the flexi-
ble membrane like a balloon by an air pressure so as to
cause the flexible carrier to intimately contact with the
object, onto which raised surface the picture image is to
printed, by the pressure exerted at the time of expansion
of the flexible membrane.

While the above-mentioned printing method may be
suitably adopted for printing an image onto an inner
surface of an object having a relatively gentle concave
surface such as, for example, dishes, plates, and the like,
it 1s not suitable for printing on an outer surface of an
object of a large size and having a steep convex or
raised surface (or a three-dimensional curvature) such
as, for example, a fuel tank of a motor-cycle or any
other large-sized vessels or contains of such configura-
tion. The reason for the inapplicability is that, in the
case of causing the flexible carrier to intimately contact
with a steep convex surface of a wide area by a pressure
of expanded flexible membrane, the flexible carrier is
stretched by expansion or bulging out of the flexible
membrane at the foot of the convex surface to result in

positional discrepancy in the image as transferred
thereon, while there takes place not so remarkable dis-

crepancy in the image as transferred onto the top por-
tion of the convex surface. Also, according to the image
printing onto the convex surface by the above-
described method, there has been another problem such
that no sufficient pressure for the image transfer cannot
be obtained due to stretching of the fliexible membrane
and the flexible image carrying medium.

- SUMMARY OF THE INVENTION

In view of the above-described disadvantage and
problem inherent in the known method of printing an
image on a curved surface utilizing the flexible mem-
brane and the flexible carrier, it is a primary object of
the present invention to provide an effective method of
printing an image onto an object of a relatively large
size or surface area, and having a steep convex surface
in such a manner that the image as transferred is clear,
and free from any positional discrepancy. The printed
image 1s also free from undesirable irregularity. |

It 1s another object of the present invention to pro-
vide an improved method of printing an image onto an
object, which is useful for general purposes, is capable
of printing a clear image onto a convex surface of a
relatively gentle inclination such as, for example, an
outer peripheral surface of a vehicle frame, and is,
moreover, capable of easilly conforming to a situation
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2

- where the planar shape of the convex surface of an

object to be printed is varied.

It 1s further object of the present invention to provide
an improved device for use in effecting the above-men-
tioned method of printing an image on an object having
a steep convex or raised surface such as, for example, a
frame of a motor-cycle. -

According to the present invention, in one aspect
thereof, there is provided a method for printing an
Image on a convex surface of an object to be printed,
which comprises steps of arranging an image to be
transferred, the image being carried on a flexible me-
dium, and an object having a convex surface, on which
surface the image is to be printed, in a mutually opposed
relationship with a certain definite space interval pro-
vided between them; causing the flexible medium carry-
ing thereon the image to be transferred to expand or
bulge out toward the convex surface of the object, onto
which the image is to be printed, by causing a fluid
pressure to act on the flexible medium from one side
thereof opposite to that where the image is carried,
while controlling the degree of expansion of the flexible
medium within a predetermined restrictive zone; and
transferring the image carried on the flexible medium
onto the convex surface of the object to be printed by
causing the convex surface to initimately contact with
the bulged surface of the flexible medmm along its pe-
ripheral surface.

Further, according to the present invention, in an-
other aspect thereof, there is provided an apparatus for
printing an image on a convex surface of an object to be
printed, which comprises in combination a hollow main
body having a charging and discharging port for a pres-
surized fluid, and an opening; a flexible membrane to
tightly seal the opening of the hollow main body; a
restrictive frame to control a degree of expansion of the
flexible membrane, the frame being disposed at the
outer side of the flexible membrane; a flexible carrier
disposed at the outer side of the restrictive frame with
an 1mage portion thereon to be transferred being faced
externally; and a table for mounting thereon the object
to be printed, the table being disposed in confrontation
to the flexible carrier, and the object having a convex or
raised surface, on which printing is to be effected.

There has thus been outlined rather broadly, the
more important features of the invention in order that
the detailed description thereof that follows may be
better understood, and in order that the present contri-
bution to the art may be better appreciated. There are,
of course, additional features of the invention that will
be described hereinafter and which will form the sub-
ject of the claims appended hereto. Those skilled in the
art will appreciate that the conception, upon which this
disclosure is based, may be readily utilized as a basis for
the designing of other structure for carrying out the
several purposes of the invention. It is important there-
fore that the claims be regarded as including such equiv-
alent constructions as do not depart from the spirit and
scope of the invention.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWING

Specific embodiments of the invention have been
chosen for the purpose of the illustration and descrip-
tion, and are shown in the accompanymg drawings,
forming a part of the specification, in which:
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FIG. 1is a longitudinal cross-sectional view showing
a state, in which a picture image is to be printed on a
flexible carrier;

FIG. 2 is a longitudinal cross-sectional view of a
printing apparatus according to the present invention,;

FIG. 3 is a longitudinal cross-sectional view showing
a state, in which the flexible membrane has been ex-
panded by a fluid pressure;

FIG. 4 is also a longitudinal cross-sectional view
showing a state, in which the flexible image carrying
member and an object to be printed have been inti-
mately contacted,;

FIG. 5 is a longitudinal cross-sectional view showing
a state, in which the flexible image carrying member is
being separated from the object to be printed;

FIG. 6 is a longitudinal cross-sectional view showing
a state, in which the printing operation has been com-
pleted;

FIG. 7 is a longitudinal cross-sectional view of a
modification of the present invention showing a state, in
which the flexible carrier has been intimately contacted
with an object to be printed as in FIG. 4; and

FIG. 8 is a longitudinal cross-sectional view of an-
other modification of the present invention showing a
state, in which the flexible carrier has been intimately
contacted with an object to be printed as in FIG. 4.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following, the presenting invention will be
explained in detail in reference to the preferred embodi-
ments shown in FIGS. 2 to 8 of the accompanying
drawing.

Referring to FIG. 2 which shows one embodiment of
the printing appratus for effecting the method of the
present invention, a hollow main body 1 has an inner air
tight chamber 2, an opening 1, of which is tightly sealed
with a flexible membrane 3 having a desired elasticity
such as, for example, natural rubber, urethane rubber,
and so forth. The flexible membrane 3 is exchangeable
by removing a mounting frame 3; from the main body 1.
On the top surface of the hollow main body 1, there is
provided a tube 4 which serves to charge and discharge
air or like fluid in and out of the hollow main body 1. On
the outer periphery of the main body 1 near the opening
thereof, there is fitted a supporting frame S. The sup-
porting frame 5 is provided in its inner peripheral sur-
face with a pair of guide grooves §;and 5,. A restrictive
frame 6 to control a degree of expansion or bulging of
the above-mentioned flexible membrane is held in the
guide groove 5;in a freely mountable and dismountable
manner. An opening 6, formed in the restrictive frame 6
is similar in shape to, and slightly larger in size than, the
flat portion of the convex surface of the object, on
which the image is to be printed.

The printing of the image on this convex surface of
the object is carried out in the following manner:

(a) As shown in FIG. 1, a fixed frame 8, on the lower
side of which there is extended a flexible carrier 7 hav-
ing a good ink release and transfer property, is placed
unmovably on a table 9. Subsequently, a screen 10 hav-
ing thereon any desired picture images arranged at a
certain definite space interval among them 1s set over
this flexible image carrying member 7 by fittingly insert-
ing the screen 10 on a frame into this fixed frame 8 from
its upper side. Then, ink 12 on the top surface of the
screen 10 is uniformly squeezed or scraped by a squee-
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gee 11 to thereby transfer the image on the surface of
the flexible carrier 7.

(b) As shown in FIG. 2, the fixed frame 8 holding the
above-mentioned flexible carrier 7 is fitted into the
guide groove 5, formed in the inner peripheral surface
of the supporting frame 5 fitted on the lower peripheral
surface of the hollow main body 1 with the image carry-
ing surface thereof being held downward.

(c) As shown in FIG. 3, an object 15 having a convex
surface of a steep inclination, on which the image car-
ried on the flexible carrier 7 is to be printed, 1s fixedly
placed on a mounting table 14 which is movable in the
up-and-down direction by means of an air cylinder, a
hydraulic cylinder, and so on, and 1s fixedly positioned
in confrontation to the flexible carrier 7 with a certain
definite space interval provided therebetween. Subse-
quently, air is charged into the air tight chamber 2 of the
hollow main body through the fluid charging and dis-
charging tube 4 to expand or bulge the flexible mem-
brane 3 out of the opening 6, to the restrictive frame 6,
and, at the same time, the pressure in the air-tight cham-
ber is maintained constant. The flexible image carrying
member 7 is deflected toward the object by the flexible
membrane as bulged out.

(d) Then, the mounting table 14 is raised upward to
press the convex surface of the object 15 onto the image
carrying surface of the flexible carrier 7 against the
expansion pressure thereof until the flexible carrier 7 is
pushed back inwardly of the hollow main body to form
a concavity at the opening 6, of the restrictive frame 6,
thereby attaining an intimate contact between the flexi-
ble carrier 7 and the object 15, on which the printing 1s
to be made.

(e) As shown in FIG. §, when the mounting table 14
is lowered, the image 13 carried by the flexible carrier 7
is released therefrom and transferred onto the convex
surface of the object 15.

() As shown in FIG. 6, when the fluid charging and
discharging tube 4 is open to the atmosphere, the air
within the air-tight chamber 2 of the hollow main body
1 is discharged from the chamber through the tube 4 by
the restitutive force of the flexible membrane 3 and the
flexible carrier 7, whereby both reinstate to their re-
spective original positions and the subsequent printing
cycle is made ready.

According to the present invention as described in
the foregoing, since the flexible carrier 7 i1s expanded or
bulged out by way of the flexible membrane 3, the out-
ermost portion of the expanded flexible image carrying
member 7 and the outermost portion of the convex
surface of the object 15 contact each other closely at the
commencement of the image transfer operation, there-
after both are gradually and intimately contacted
toward the foot portion of the object 15, hence no cavi-
tation of air takes place between the two members, and
the irregularity in the printed image can be prevented in
advance. On the other hand, when the flexible carrier is
to be separated from the object at the completion of the
image transfer operation, they are separated from the
foot portion of the object toward its top portion, so that
there is no possibility of the image as released from the
flexible carrier and transferred onto the convex surface
of the object being peeled off, and no failure in printing
oeration takes place. Moreover, since the flexible car-
rier 7 becomes held between the flexible membrane 3
and the object 135 to be printed, and, at the same time, is
intimately contacted with the object 15 to be printed by
the preventive action of the opening 6, of the restrictive
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frame 6 against expansion of the flexible membrane 3 as
well as the squeezing action thereof, the elongation of
the flexible image carrying member 7 is limited to the
minimum extent, and an appropriate pressure for the
image transfer resulted from such arrangement of the
flexible membrane and the flexible image carrying mem-
ber makes it possible to carry out the clear printing not
only at the top portion of the convex surface of the
object for printing, but also at the foot portion thereof.

Moreover, by making the abovementioned restrictive
frame 6 freely insertable into and removable from the
supporting frame §, it is possible to use any appropriate
shape of the restrictive frame commensurate with the
planar shape of the convex surface of the object to be
printed.

The present invention is also applicable to an object
16 having a very mild convexity as shown in FIG. 7. In
addition, by making the flexible membrane and the
restrictive frame freely attachable to and detachable
from the main body, the maintenance of the device
becomes advantageously easy.

In the afore-described embodiments, the mounting
table 14 is movable in the up-and-down direction. In-
stead of moving the mounting table 14, however, the
main body 1 is so designed as to be movable vertically,
or both mounting table 14 and the main body 1 may be
made movable up and down so that they may become
close and away each other. Further, it should be noted
that the pressure medium for expanding the flexible
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Finally, the printing method according to the present
invention is capable of carrying out not only a mono-
chromatic printing, but also a polychromatic or mulit-
color printing in a single stage of the printing process by
forming in advance the image to be carried on the flexi-
ble image carrying member in a multi-colored condi-
tion.

What is claimed is:

1. An apparatus for printing an image on a convex
surface of an object to be printed which comprises in
combination:

a. a reciprocating hollow main body having a charg-
ing and discharging port for a pressurized fluid,
and an opening;

b. a flexible membrane attached to said hollow main
body to tightly seal the opening thereof:

C. a restrictive frame having an opening similar in
shape to, and slightly larger in size than, a flat
configuration of the convex surface of said object,
said frame being mounted on said hollow main
body at the outer side of said flexible membrane:

d. a flexible carrier mounted on said hollow main
body at the outer side of said restrictive frame with
an image portion thereon to be transferred being
faced externally; and

e. a fixed table for mounting the object disposed in
confrontation to said flexible carrier, said object
having a convex or raised surface, on which print-
ing of the image is to be effected,

membrane is not limited to air, but any other fluid pres- 30 said opening of said restrictive frame serving to control

sure medium such as water, oil and other hydraulic
medium may be equally utilized. The printing of the
image onto the flexible image carrying member is not
limited to the screen printing, but a relief printing or a
printing, in which the flexible carrier is expanded by a
fluid pressure to cause the expanded flexible carrier to
be press-contacted onto an engraved plate to thereby
transfer the image, may be employed. Besides the
above, it is also possible that a sheet having a picture
image to be transferred is adhered to the flexible carrier.
Furthermore, when printing is effected on a large num-
ber of objects of the same shape, no consideration needs
be taken as to exchange of the restrictive frame 6, so
that the portion of the restrictive frame 6 may be inte-
grally formed with the main body as shown in FIG. 8.
Incidentally, a reference numeral 17 in FIG. 8 desig-
nates an air-vent.
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a degree of expansion of said flexible membrane, and to
squeeze and intimately contact said flexible carrier with
said object, when said object is inserted into said hollow
main body through said opening of said restrictive
frame at the time of printing.

2. The apparatus for printing an image on a convex
surface of an object to be printed as set forth in claim 10,
in which a supporting frame is provided on said main
body near said opening thereof to support said restric-
tive frame and a flexible carrier in a freely mountable
and dismountable manner.

3. The apparatus for printing an image on a convex
surface of an object to be printed as set forth in claim 2,
in which said supporting frame has a pair of grooves,
one of which holds said restrictive frame, and the other

of which holds a fixed frame of said flexible carrier.
* % % * %
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